The aim of this study was to evaluate the effect of in vitro treatment of ejaculated ram spermatozoa with different concentrations of L-arginine at various incubation times on motility, hyperactivity (HA) and acrosome reaction. Freshly ejaculated spermatozoa collected from three rams were pooled and subjected to the swim up technique in modified sperm Tyrode's albumin lactate pyruvate (S-TALP) medium supplemented with different concentrations of Larginine (0.01, 0.02, 0.03,0.04 and 0.05 mM) at 30, 60,90 and 120 min of incubation. Following sperm incubation, the following parameters were examined: motility, hyperactivity (HA) and acrosome reaction (AR). The results showed that irrespective of the concentration, incubation of ram spermatozoa with Larginine for 30min did not significantly affect the motility. However, increase the time of incubation for more than 30 min significantly decreased (P < 0.05) the motility of the spermatozoa as compared to the control. The lowest motility was recorded when spermatozoa were incubated with 0.05 mM L-arginine for 120 min. Treatment of ram spermatozoa with 0.05 mM Larginine resulted in a significant (P < 0.05) increase in HA% immediately after dilution compared to the control. A significant (P < 0.05) increase in total AR% was concomitant to the increase in the concentration of L-arginine with highest AR achieved at 0.04 mM and 90 min incubation. However, increasing the time of incubation to 120 min significantly decreased (P < 0.05) the percentage of spermatozoa with total AR compared to the other incubation times at 0.02, 0.04, and 0.05 mM L-arginine. In conclusion, under our experimental conditions treatment of ejaculated ram spermatozoa with 0.04 mM of L-arginine for 90 min was considered the best concentration of L-arginine to be used for in vitro induction of acrosome reaction.
Introduction
L-arginine is an amino acid that acts as a substrate for the Nitric Oxide Synthase Enzyme (NOS) producing nitric oxide (NO; O'Flaherty et al., 2004) . Larginine takes part in sperm formation and is found to be a basic component of the nucleoprotein of spermatozoa of various species (Adnan, 1970) . There is correlation between arginine deficiency and loss of spermatogenesis and decrease in the motility of the sperm cell (Jungling and Bunge, 1976; Polakoski et al., 1976) . Arginine plays a vital role in the maintenance of sperm motility and their metabolic activity inside the reproductive tract or throughout storage under in vitro conditions (Mann and Lutwak-Mann, 1981) . Also, arginine prevents bilayer phospholipids membrane peroxidation under various peroxidation situations through production of nitric oxide (NO) mechanism which protects structural and functional integrity of spermatozoa (Govil et al., 1992; Srivastava et al., 2006) . L-arginine plays a key role in modulating the host's defense and cellular immunity. Administration of L-arginine to oligospermic and asthenospermic patients results in an improvement in both the sperm count and motility without any side effects (Scibona et al., 1994; Aydin et al.; . L-arginine plays an important role in stimulating sperm motility in humans, rabbits, and goats under in vitro conditions (Aydin et al., 1995; Patel et al., 1998; Srivastava et al., 2006) . It has been confirmed that L-arginine enhances the rate of glycolysis, resulting in higher rates of adenosine triphosphate and lactate generation in spermatozoa. The influence of arginine in reversing impairment caused by glycolytic inhibitors (potential contraceptives) has also been studied (Patel et al., 1998 (Patel et al., , 1999 . NO promotes mouse sperm capacitation and acrosome reaction (Griveau et al., 1995) . Several researches indicated that NO generated by human spermatozoa regulates sperm capacitation and associated protein tyrosine phosphorylation that mediated through a cAMP/PKAdependent pathway (De Lamirande and Gagnon, 1998; Visconti and Kopf, 1998; Thundathil et al., 2003) . NO stimulates hyperactivationmotility (Herrero and Gagnon 2001) . Sperm hyper activation motility is promoted by exogenous addition of NO which may increase phosphorylation of flagella proteins (Thundathil et al., 2003; Harrison, 2004) . Hyperactivation is crucial for sperm to penetrate the zona pellucid viscose environment that surrounds the oocyte (Gagnon and de Lamirande, 2006) . Therefore, L-arginine as a resource of NO may induce capacitation and acrosome reaction through the NO signal pathway. However, little is known about the effect of L-arginine and NO on ram spermatozoa (Hassanpour et al., 2007 (Hassanpour et al., , 2010 . Therefore, the present study aimed to investigate the effect of different concentrations and incubation times of Larginine on the motility, hyperactivity, and acrosome reaction of ram spermatozoa.
Materials and Methods

Animal management and semen collection
The study was performed on three mature Barki rams (3-5 years old) in a farm at the Animal Reproduction Research Institute (Egypt) from December to March, 2015. The rams were kept as a single flock under uniform conditions. The average body weight of Barki rams was 45 kg and body condition scores (BCs) were 3.0-4.0. All rams were fed Egyptian clover (Trifolume alexandrium), besides the green maize (Darawa) and wheat straw as a source of roughage.
Semen processing and sperm capacitation
Semen were collected from Barki rams (n = 30 ejaculates) using an artificial vagina twice a week. In each ejaculate, volume, concentration, sperm motility and morphology were assessed within 30 min after semen collection and placed in a water bath at (37°C). Ejaculates that contained a volume of 0.5-2 ml; minimum semen concentration of 3 x 10 9 spermatozoa/ml; total motility higher than 80%; <10% abnormal sperm were pooled together to avoid individual variability of rams and then were used for the experiment according to the method described by Chemineau et al. (1991) . Split fractions (0.1 ml) of the pooled semen were layered under 1 ml of sperm Tyrode's albumin lactate pyruvate (S-TALP) medium according to the method described by Younis et al. (1991) supplemented with different concentrations of Larginine (0.01, 0.02, 0.03,0.04 and 0.05 mM). Semen diluted in S-TALP medium without treatment was used as a control. This technique (swim up technique) was performed in 15 ml centrifuge tubes, held at a 45 o angle and incubated in an atmosphere of 5% CO 2 incubator at 39°C. Individual motility percentage (IM%), hyperactivity percentage (HA%) and acrosome status were recorded at 0, 30, 60, 90 and 120 min postincubation.
Evaluation of sperm motility
Percentage of progressive forward motility was subjectively estimated in a small drop (200 µl) of the sperm suspension from the most supernatant of swim up and covered by a cover slip, and examined under phase contrast microscope (40X) equipped with a heated plate (37°C). Only progressive forward motility was considered among different treatments and control. At least 100 spermatozoa in five different fields were counted.
Evaluation of sperm hyperactivity
Percentage of hyperactivated motility (HA%) was determined by recording the percentage of sperm cells with flagellar beating vigor and circular movement (Kawakami et al., 1999) . Hyperactivated motility percentage was calculated as a percentage from the percentage of IM% and expressed by "pluses" where (+) means HA% <20%, + means HA% 20 -40%, ++ means HA% 40 -60%, +++ means HA% 60 -80% and ++++ means HA% >80% (Darwish, 2004) .
Evaluation of sperm acrosome status
Percentages of incomplete and complete acrosome reacted spermatozoa were determined by silver nitrate staining technique according to El-Amrawi and Nemetallah (1991) . The sperm suspensions were spread over microscope glass slides and left at room temperature to dry. The slides were fixed in 70% ethyl alcohol for 2 min then in 95% ethyl alcohol for another 2 min. The samples were then stained with a silver nitrate (1%) solution for 2 h in an incubator at 65°C, in complete humidity. After the color of the samples turned into gold, the reaction was stopped and the slides were rinsed several times with distilled water and dried at room temperature. The dyed preparations were analyzed for acrosome reaction using the Olympus BX50 light microscope with a 100-fold magnification under oil immersion lens. The percentage of acrosome reacted sperm was counted in at least 100 sperm cells per slide. The spermatozoa were classified into three groups: (1) spermatozoa with intact plasma and outer acrosome; (2) spermatozoa with incomplete acrosome reaction (AR) showing fenestrations, vesiculation and loosening between plasma membrane and outer acrosome membrane; and (3) spermatozoa with complete AR showing complete loss of the outer acrosome membrane leaving a cup-shaped appearance. Incomplete plus complete acrosome percentages were considered collectively as total acrosome reaction.
Statistical analysis
Data were expressed as mean ±SEM that is obtained from 10 replicates for motility, hyperactivity and acrosome reaction and were analyzed using the Costat computer program; version 3.03, 1986, Cottort Software. Data from 10 replicates were subjected to analysis of variance (two way ANOVA) to clarify the effect of L-arginine concentrations and incubation times. P-values below 0.05% were considered statistically significant. Results
Effect of different concentrations of L-arginine on ram sperm motility
No significant differences were observed in total motility between control and L-arginine treated groups at 0 min incubation and the values ranged from 82.50 and 83.5%. Treatment of ram spermatozoa with different concentrations of L-arginine (0.01, 0.02, 0.04, and 0.05 mM) for 90 or 120 min significantly decreased the motility when compared to the control. At 120 min incubation no significant differences were observed in the percentage of total motility among different treatments (Table 1 Means with different alphabetical superscripts in the same column A,B,C and different rows a,b,c are significant P < 0.05.
Effect of different concentrations of L-arginine on ram sperm hyperactivity (HA %)
It was clear that the addition of 0.05 mM Larginine to semen samples resulted in a significant increase (P < 0.05) in HA% (3.80%) at 0 h incubation when compared to the control (0.0%). The highest percentages of hyperactivated motility were noticed in spermatozoa that were treated with 0.04 and 0.05 mM L-arginine for 30 and 60 min ( Table 2 ). 
Effect of different concentrations of L-arginine on the percentage of spermatozoa with incomplete acrosome reaction (IAR %)
As shown in Table 3 , adding different concentrations of L-arginine significantly (P < 0.05) increased the percentages of spermatozoa with incomplete acrosome reaction (IAR) and were significantly higher (P < 0.05) in L-arginine treated groups when compared to control irrespective of the incubation time. The highest IAR% was detected in sperm samples treated with 0.04 mM L-arginine for 90 min (44.00 ± 3.10). The percentages of spermatozoa with IAR were increased by incubation time and reached the maximum at 120 min incubation (8.80 ± 1.72). However, in the treated groups the IAR% significantly decreased at 120 min incubation when compared to those incubated for 30, 60, and 90 min. Means with different alphabetical superscripts in the same column A,B,C and different rows a,b,c are significant P < 0.05.
Table3. Effect of different L-arginine concentrations (mM) and incubation times on incomplete acrosome reaction of ram spermatozoa (Mean ± SE
Effect of different concentrations of L-arginine on spermatozoa showing complete acrosome reaction percentage (CAR%)
Treatment of ram spermatozoa with 0.04 mM L-arginine significantly increased (P < 0.05) the percentage of spermatozoa with complete acrosome reaction (CAR) when compared to the other concentrations at different incubation times (Table 4) .
Effect of different concentrations of L-arginine on total acrosome reaction percentage (TAR %)
The highest percentage of spermatozoa with AR was noticed when sperm samples were treated with 0.04 mM for 90 min (93.10 ± 3.35). Moreover, within each concentration of L-arginine treatment, AR% gradually increased by incubation with the highest values seen at 90 min, then these values significantly decreased at 120 min compared to other incubation times (Table 5) . Means with different alphabetical superscripts in the same column A,B,C and different rows a,b,c are significant P < 0.05. 
Discussion
The present results show that incubation of ejaculated ram spermatozoa with L-arginine at various concentrations (0.01, 0.02, 0.04, and 0.05 mM) for periods longer than 60 min namely 90 or 120 min significantly decreased total motility compared to the control group. In contrast, Hassanpour et al. (2007 ) reported that the effects of L-arginine on ejaculated sperm motility are dose-dependent and the low concentrations of L-arginine (0.1and 1 mM) affect sperm motility, whilst high concentrations of Larginine(10 mM) significantly decrease sperm motility to 10%. However, Hassanpour et al. (2010) recorded that low concentrations of L-arginine (0.001, 0.01 and 0.1mM) after 45 or 90 min of incubation had little effect on ram sperm motion parameters; whereas high concentration of L-arginine(1 mM) significantly decreased specific motion parameters (straightness, curvilinear velocity, and straight-line velocity). Similarly, Darwish (2004) and Marie (2005) observed no significant effect on motility when buffalo semen was supplemented with low concentrations of Larginine (<0.5 mg/ml) for 30 min incubation. However, when higher concentrations or longer incubation time was used, a significant (P < 0.01) decrease in motility was achieved. Furthermore, Rodriguez et al. (2005) reported that low concentrations (ranging from 0.05 to 200 µm) of Sodium nitroprusside (SNP; a NO. donor) fail to affect either motility or viability of bull spermatozoa, but concentrations higher than 400 µm reduced motility in a dose-dependent manner. In contrast, Al-Ebady et al. (2012) recorded that the addition of 0.005 or 0.006 M of arginine to semen diluents containing poor motile bull sperm improved sperm motility and decreased death, abnormality and defect in the acrosome of sperm, especially during the months of December and January. The difference in methodology and species used has probably resulted in the disparate results obtained. It is tempting to speculate in our study that high concentration of L-arginine (0.04 and 0.05 mM), probably by excessive generation of NO, can cause sperm toxicity as well as reduce sperm motility by contributing to the formation of peroxynitrite, a highly toxic anion of peroxidation Levonen. 2001) . Furthermore, Rodriguez et al. (2005) proposed that high concentrations of NO can cause sperm cytotoxicity, possibly due to the inhibitory effect of nitric oxide when binding to the heme group contained in enzymes of cellular respiration. The nitration of those proteins, for example cytochrome oxidase, results in a decrease in the production of ATP required as an energy source by spermatozoa. Additionally, NO could interact with the O 2 − to form the peroxynitrite anion. This molecule is very reactive and could act on cytosolic or membrane compounds such as lipids or proteins with thiol groups, affecting the integrity of the sperm membrane. Although the incubation of ram spermatozoa with different concentrations of L-arginine for a long time (90-120 min) decreased the sperm motility in our study, it increased hyperactivity at a concentration of 0.04 and 0.05 mM. This may be attributed to the change in the motility from progressive forward motility to circular, with flagellar beating vigor as indication of hyperactivity (Darwish, 2004; Marie, 2005) . Sperm hyper activation motility is promoted by exogenous addition of NO which may increase phosphorylation of flagella proteins (Thundathilet al., 2003; Harrison, 2004) . Hyper activation is crucial for sperm to penetrate the zona pellucid viscose environment that surrounds the oocyte (Gagnon and De Lamirande, 2006) . However, Ratnasooriya and Dharmasiri (2001) demonstrated that L-arginine caused a dose-dependent impairment of hyperactivated motility in vitro, which can obviously inhibit fertilizing potential of sperm. In the present study, relatively high concentrations of Larginine (0.04 mM) were required to induce acrosome reaction in ram spermatozoa. Regarding incubation times, a significant (P < 0.05) increase in total AR% was also noticed after incubation for 90 min. In agreement with our data, Darwish (2004) and Marie (2005) recorded that relatively higher concentrations of L-arginine were required to induce acrosome reaction in buffalo spermatozoa. Furthermore, O'Flaherty et al. (2004) successfully induced capacitation and AR in bovine spermatozoa using L-arginine. In addition, the effect of L-arginine on bovine sperm capacitation process and AR was mediated by NOS, as when the spermatozoa were incubated with L-arginine in the presence of NOS inhibitors, results indicate a significant inhibition of capacitation. NO promotes mouse sperm capacitation and acrosome reaction (Griveau et al., 1995) . Several researches indicated that NO generated by human spermatozoa regulates sperm capacitation and associated protein tyrosine phosphorylation that mediated through a cAMP/PKA-dependent pathway (De Lamirande and Gagnon, 1998; Visconti and Kopf, 1998; Thundathil et al., 2003) .
In conclusion, under our experimental conditions, treatment of ram spermatozoa with Larginine at a concentration of 0.04 mM for 90 min was considered the best concentration of L-arginine to be used for in vitro induction of acrosome reaction.
